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Abstract. State Office for Nuclear Safety is a regulator body in the Czech Republic handling also
licensing of storage and transportation casks (SCs) of the spent nuclear fuel (SNF). One of the main
concerns for the dry storage of SNF is the safe removal of the residual heat resulting from the decay of
fission products, actinides, and activated construction materials. There are many storage systems in use
around the world with different storage configuration, fuel designs and boundary conditions that need
to be evaluated. Two thermal models of SNF storage casks CASTOR 440/84 and CASTOR 440/84M
were developed using the COBRA-SFS code, which is an internationally accepted and validated code
used for licensing of dry storage casks and safety evaluation. The casks are in operation at the Nuclear
Power Plant Dukovany for dry storage of the WWER-440 SNF. Both models were validated and used
for evaluation of several problems in different configuration and particularly for licensing purposes at
the SUJB.
Keywords: COBRA-SFS, heat removal system, licensing, spent nuclear fuel, storage and transporta-
tion cask, thermal analysis, WWER.
1. Introduction
The accurate prediction of heat transfer and temper-
ature fields in a dry storage cask CASTOR has been
undertaken. Due to the nature of the dry storage
casks, the temperature cannot be directly controlled
and calculations are performed to ensure safe stor-
age and transport of SNF in all postulated conditions
during decades of dry SNF storage. Recently, many
applicants for a license of storage and transportation
cask (also in the Czech Republic) have used Compu-
tational Fluid Dynamics (CFD) codes to simulate the
thermal behavior of dry storage systems. CFD anal-
ysis was mentioned also in the IAEA report [1] or re-
cently performed by [2–8]. However, the CFD codes
have their limitations and specific problems (errors in
spatial discretization, meshing, numerical instability,
and high computational power). For that reason, the
State Office for Nuclear Safety in the Czech Republic
(SUJB) decided to perform confirmatory independent
calculations of the thermal behavior of SC CASTOR
using COBRA-SFS code [9] in cooperation with De-
partment of Nuclear Reactors, CTU in Prague and
UJV Rez as recommended by international standards
[10, 11]. The subchannel code COBRA-SFS based on
the well-known COBRA thermohydraulical code has
been used for thermal analysis of different systems
with PWR, BWR but also WWER fuel geometries
[12–16].
The applicant for the license of storage casks for
WWER-440 SNF storage [17] supported the applica-
tion with CFD thermal analysis using the FLUENT
code [18]. The SUJB staff decided to perform an in-
dependent evaluation of the heat removal design of
the storage casks CASTOR using COBRA-SFS code
and to use the models for new potential applications
in case of new design changes as well.
1.1. COBRA-SFS and CFD codes
Several studies concerning safe heat removal from dry
storage casks using COBRA-SFS were presented - [6,
19–21]. Most of the research and work was conducted
more than 20 years ago at the time of validation of the
first version of the code. Recently, some institutions
(KAIST, EPRI, NPP Paks) have been using this code
for comparison or validation of new codes [22, 23].
Other authors published their results and recom-
mendations on the usage of CFD computer codes.
Horizontal dry storage systems using PHOENICS
code were investigated by [24], other studies showed
thermal analysis methods for a vertical concrete SC
with PHOENICS and FIT-3D CFD codes [25], there
were also practical guidelines for modeling a concrete
SC using FLEUNT that were confirmed by experi-
mental data from the VSC-17 SC [26]. The stan-
dard review plan NUREG-1536 [27] defined by the
US NRC allows applicants to use CFD codes together
with the simplified porous media approach and its ef-
fective thermal conductivity. However, it recognizes
the benefits of using more complex approaches mod-
elling detailed geometry similar to COBRA-SFS.
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The models presented in this paper are based on
the detailed description of the inner complex geome-
tries of the dry SCs CASTOR 440/84 and CASTOR
440/84M. Models in the COBRA-SFS code are based
on the detailed design and equations defining the heat
transfer rather than using a general approach of CFD
codes (effective thermal conductivity, porous media,
etc.).
The porous media concept adopted in most of the
CFD SCs flow calculations usually requires experi-
mental data for determining of effective conductiv-
ity. The experimental validation of porous media and
fuel effective conductivity models is needed for ap-
plication of the code, on a case-by-case basis[6]. In
contrast, because of the extensive validation of the
COBRA-SFS code by comparison with experimental
data in single-assembly experiments and test casks
loaded with spent fuel (see references [14, 23, 28, 29]),
and the fundamental thermal-hydraulic modeling ap-
proach used in the code to represent spent fuel assem-
blies within a cask [30], extensive case-by-case valida-
tion is not necessary for each application of the code.
The code requires only detailed knowledge of the ge-
ometry of the storage system. From this perspective,
the model created in COBRA-SFS is suitable for li-
censing purposes in the Czech Republic. On the other
hand, the creation of the model is a much more diffi-
cult and time-consuming task than CFD modeling.
2. Licensing process and
requirements in the Czech
Republic
There were several safety functions of dry spent fuel
storage facilities defined. Safety functions must be
maintained during normal operation, anticipated op-
erational occurrences, and design basis accident con-
ditions by either the storage cask, the storage facility
itself, or both [31].
The detailed requirements are specified in the
Atomic Act [32] or other regulatory legal documents.
The basic safety functions are illustratively shown in
Figure 1 and can be simply summarized as [31]:
• Maintain the subcriticality of stored SNF
• Ensure removal of heat generated by the stored
SNF
• Prevent the release of radioactive material
• Maintain retrievability of the SNF throughout the
whole lifetime of the storage facility
• Ensure that radiation dose rates and doses do not
exceed valid limits
The applicant shall verify by analysis, surveillance,
testing, and inspection that the physical status of
the installation and its operation continue in accor-
dance with Technical Specifications, safety require-
ments, and safety assessment. The independent re-
assessment shall be periodically updated if there are
modifications or new regulatory requirements and
standards. Each type of SNF SC has to be licensed.
However, there are no facility-specific international
requirements, but only guidelines exist [33]. This pa-
per focuses on the safe removal of heat from the spent
nuclear fuel, however, the design of a SC has to ensure
all safety functions.
Figure 1. Five fundamental safety functions of the
dry storage casks as defined by the State Office for
Nuclear Safety.
The other characteristics of both SCs are: dry
transportation and 60 years storage of the SNF; min-
imum of 5 years cooling of the SNF before backfilling
the SC; SC is filled with helium with low pressure
around 700 kPa; the basket consists of 84 casings;
the central position is empty.
2.1. Decay heat removal
At the Storage Facility for Spent Nuclear Fuel Duko-
vany (SFSNF), the basic (regulatory) heat-related re-
quirements originating from the licensing process of
the SCs CASTOR are as follows:
• The peak cladding temperature (PCT) during
transport and storage must not exceed 350◦C [37]
• The total thermal output of all SNF assemblies in
one cask must not exceed the limiting value (e.g.,
25 kW for CASTOR440/84) or must not exceed
the limits of heat generation for a particular SNF
single assembly
• The licensed cask has to be capable of withstanding
an external fire for 30 minutes with the tempera-
ture of 800◦C
• PCT during the drying process of the SC can ex-
ceed 350◦C only for a limited time.
The thermal evaluation of a SC must also include:
definition of the SNF inventory, cask material prop-
erties, SNF thermal output, cask loading pattern, op-
erational and accidental conditions, boundary condi-
tions, stationary and transient calculation of temper-
atures at selected points, compliance with regulatory
and design criteria, inputs to emergency procedures,
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Figure 2. Residual heat generated in the WWER SNF by the most significant actinides (left) and fission products
(right) for the first 500 years after discharge from a reactor. It was calculated using ORIGEN-ARP decay code,
with cross-section libraries generated using 2-D depletion module TRITON from the SCALE package for a reference
condition of WWER-440 fuel as recommended by [34–36].
PARAMETER CASTOR 440/84 CASTOR 440/84M
Diameter [mm] 2660 2660
Height [mm] 4080 4170
Thickness of the wall [mm] 370 410
Storage weight [t] 116.11 118.34
Max. activity [Bq] 2.7 × 1017 2.6 × 1017
Max. Ḋ on surface < 2 mSv/h < 2 mSv/h
Max. Ḋ in 2 m from SC < 0.1 mSv/h < 0.1 mSv/h
Max. number of FAs 84 84
Max. residual power of SC - heterogeneous pattern - 24.66 kW
Max. residual power of SC - homogeneous pattern 21 kW 24.50 kW
Max. residual power of 1 FA - heterogeneous pattern - 340 W(6x), 290 W(78x)
Max. residual power of 1 FA - homogeneous pattern 250 W 291.7 W
Table 1. Fundamental parameters of the storage and transportation casks CASTOR 440/84 a 440/84M
derivation of Technical Specifications and thermal as-
sessment of the cask drying procedure [31, 32].
For heat removal calculations, the SNF is defined
by the evolution of its residual heat (source term).
It was calculated for different cases using ORIGEN-
ARP [38] code from the SCALE 6.1 package. The
WWER-440 cross section libraries were generated
using the 2D depletion module TRITON from the
SCALE package, and a similar approach was val-
idated against isotopic assay experimental data for
spent fuel in [35]. An example of residual heat gen-
erated by actinides and fission products in one of the
WWER-440 SNF assemblies is presented in Figure 2.
The evolution of the total generated residual heat for
each of the 84 SNF assemblies has been introduced
into the COBRA-SFS model as boundary conditions.
3. Construction of the SCs
CASTOR
There have been two types of storage casks in the
Dukovany storage facilities used: CASTOR 440/84
and CASTOR 440/84M. The older - CASTOR
440/84 was licensed by the SUJB in 1995, and the
new modified type - CASTOR 440/84M obtained its
original license in 2005. Both licenses were reviewed,
and the designs were reassessed several times due to
the design changes of WWER fuel and the SC itself.
The casks are dual-purpose casks for transportation
and storage of 84 FAs of undamaged spent nuclear
fuel from reactor WWER-440. Both types of SCs
have been developed and produced by German com-
pany GNS - Gesellschaft fÃĳr Nuclear-Service mbH
(GNS), headquartered in Essen, Germany. The fun-
damental characteristics of both SCs are summarized
in Table 1.
3.1. Heat removal system of the SCs
The cross-section diagram of both types of SCs are
illustrated in Figure 3. The residual heat originates
mainly from the radioactive decay of fission products
and actinides that are presented in the spent fuel pel-
lets. The construction materials of the SNF are also
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Figure 3. Plain cut in the dual purpose storage
and transportation casks CASTOR 440/84 (left) and
CASTOR 440/84M (right)
activated and generate considerable heat energy in
comparison with fission products and actinides. The
heat is transferred from the SNF pellets mainly by
conductive heat transfer to the fuel cladding. Radia-
tive heat transfer plays also a role mainly in the heat
transfer from the fuel rods to the internal structures
of SCs. A SC is filled with helium flowing around
SNF, more precisely around the fuel rods. Helium
carries the heat away from the SNF using natural
convection heat transfer. Helium is circulating inside
the cask and is cooled down on the SC’s shell inner
surface. The heat passes through the cask shell to
the outer surface of the SC. The outer surface in-
cludes ribs to improve convection heat transfer with
the environment. The ambient air convects the resid-
ual heat from the SC, and the storage facility itself
ventilates the hot air outside.
3.2. Design differences
The SCs CASTOR 440/84 and CASTOR 440/84M
are very similar in terms of design. There are only
a few differences and modifications to accommodate
higher burnup fuel. The biggest change is the design
of the basket. The improved design for CASTOR
440/84M is using AlMg steel with ATABOR dividers.
ATABOR is a special type of steel with a high content
of boron for neutron absorption.
The different construction of both baskets is shown
in Figure 3. The dimensions of the SNF are the same
for both types of SCs. Therefore, the inner dimen-
sions of the basket tubes are the same as well. How-
ever, the basket of the CASTOR 440/84M is more
compact, and the walls are thicker. The next differ-
ence is a new construction of a cask shell. There was
an extra row of polyethylene rods added to improve
the shielding capability of the cask and the construc-
tion of the outer ribs was improved. There are two
moderator plates added to the bottom and top of the
SC to improve the neutron shielding in the top and
bottom part.
Figure 4. Relation of a subchannel control volume
to a general SNF storage or transportation system
[30]
4. COBRA-SFS thermal models
4.1. COBRA-SFS code
COBRA-SFS code [30] is a computer code for the pre-
diction of material temperatures and fluid conditions
in various systems for spent fuel storage. It performs
thermal-hydraulic analysis and has been successfully
validated and verified [19]. COBRA-SFS solves three
basic equations in finite volume form: 1) conservation
of mass, 2) momentum, and 3) energy. The equations
assume an incompressible single-phase heat transfer
fluid (typically inert gases). Finite volume method is
used also for the calculation of the conduction inside
and between the solid structures of the dry storage
system which is then coupled to the fluid solution
[39].
In COBRA-SFS, the general Eulerian control vol-
ume is defined as the fluid subchannel in the rod ar-
ray. The geometry is illustrated in Figure 4. As can
be seen, the fluid flow is constrained by the surface
of fuel cladding. On the smaller scale, the fuel rods
section the channel into many subchannels that com-
municate laterally by crossflow. Applying the integral
balance relations to the control volume of each sub-
channel yields a set of subchannel equations which
can be approximated in finite difference form and nu-
merically solved.
4.2. Numerical models
The configuration modeled is a SC filled with SNF
standing alone (vertically) inside a dry storage facility
Dukovany. The model was simplified using a symme-
try of the SC. Only one-sixth was modeled. This is a
valid approach because 84 FAs with generally similar
characteristics were stored in the SC. If the number of
stored FAs is lower and the differences between par-
ticular assemblies are bigger, full-scale model needs
to be developed (e.g., dry storage of WWER-1000
SNF). There are three main areas of interest when
modeling using COBRA-SFS: Upper Plenum, Chan-
nel Region, and Lower Plenum [19]. The main de-
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tailed modeled section of the SC is a channel region
(basket in this particular case). Plenums provide a
one-dimensional mixing node for helium entering or
leaving the flow channels and subchannels in the bas-
ket region. This model enables the code to directly
calculate the “closed loop” natural recirculation of he-
lium gas within a cask or canister. The plenum model
also includes the capability of modeling conduction
heat transfer paths above and below the basket re-
gion. The feature is typically used to represent the
solid structures of the cask lid (in the upper plenum),
and the cask base (in the lower plenum). there are
solid structures around the basket. They are defined
by several boundary conditions. Outer shell covering
the SC’s basket is considered as a plenum as well.
First, models of the WWER-440 fuel assemblies
were created. Since only one-sixth of SCs was mod-
eled, models of the half-assemblies were also required.
There are two types of nodes used in these models:
fuel rods and subchannels around these rods. A sim-
plified sketch of the fuel model with fuel rod num-
bering is presented in Figure 5. There are 127 fuel
rods in 67 groups. In these groups, several fuel rods
were merged into one bigger fuel rod. This technique
simplified the models and saved computational time.
Similar numbering process was used in numbering
subchannels around the fuel rods. This approach was
developed in the validation work for COBRA-SFS in
the 1980âĂŹs and has been shown to yield accurate
predictions of peak temperature and temperature dis-
tributions in spent fuel assemblies and casks. How-
ever, it requires careful selection of rods with similar
decay heat and geometric symmetry within the rod
array, to avoid distortion of the temperature distribu-
tion within the fuel assembly. If sufficient computa-
tional resources are available, a rod-by-rod represen-
tation of the fuel assemblies is the preferred approach,
as it avoids the flattening of local temperature gradi-
ents, that is, the inevitable result of merging adjacent
rods.
Figure 5. Illustration of WWER-440 fuel assembly
models with fuel rod numbering. Outer fuel rods are
merged to simplify the model, fuel rods with poten-
tially higher PCT are modeled individually.
After the definition of fuel assemblies, the design
and connections of the SC basket and particular cas-
ings were modeled. There are 16 fuel assemblies (12
full assemblies and four halves) incorporated into one-
sixth of the basket model. Additionally, there are 24
channels without fuel filled only with helium. They
substitute the periphery construction of the basket,
one represents the central empty position, and the
rest are channels around the actual fuel assemblies.
The illustration of the computational model and its
numbering is shown in Figure 6.
All defined assemblies and channels with or with-
out fuel are connected by 326 solid slabs. 317 slabs
connect assemblies inside the basket, and the others
represent SC’s body construction, shielding, and con-
nection to an environment. The heat transfer models
were individually incorporated into the model for all
channels and solid slabs.
Figure 6. One sixth of the modeled SC with sub-
channel numbering. There were 12 full-assemblies
(No. 1-12), 4 half-assemblies (No. 13-16) and 24
empty channels filled with He (No. 17-40) imple-
mented into the model.
5. Results
5.1. Reference Calculations and
Models Validation
Both storage casks are licensed for storage of the
WWER-440 SNF. However, the newer type - CAS-
TOR 440/84M enables to store the SNF with differ-
ent parameters (e.g., residual heat generation, bur-
nup, uranium enrichment). In the safety documenta-
tion provided by the applicant, one reference "bound-
ary" configuration of the SNF (pattern) was approved
for CASTOR 440/84 and two patterns for the CAS-
TOR 440/84M. The reference loading patterns are
illustrated in Figure 7 together with the actual con-
figuration of the SC CASTOR 440/84 No. 10 from
the SFSNF Dukovany.
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Temperature sensor No. Measured temperature Calculated temperature Abs. difference
[−] [◦C] [◦C] [%]
1 47.50 45.34 4.764
2 46.91 45.34 3.463
3 58.75 63.95 8.131
4 57.12 63.90 10.610
5 50.88 46.64 9.091
6 24.85 24.85 0.000
Table 2. Comparison of measured temperatures on the SC No. 10 and temperatures calculated by the COBRA-SFS
heat-removal model
Figure 7. The reference homogeneous pattern for
CASTOR 440/84 (left), reference heterogeneous pat-
tern for CASTOR 440/84M (center) and the initial
pattern of the real SC CASTOR 440/84 No.10 from
the SFSNF (right)
The reference configurations were calculated us-
ing COBRA-SFS code and compared with the results
provided by the applicant. The applicant used CFD
code FLUENT [18] to prove the safe design of the
SCs. The results of the reference calculations calcu-
lating the PCT are presented in Figure 9. Two refer-
ence calculations are presented together with results
from the actual SC No.10. The highest peak cladding
temperatures are: 255.0 ◦C and 256.8 ◦C for the two
maximal patterns for CASTOR440/84 and 298 ◦C for
the reference pattern of the SC CASTOR 440/84M.
The FLUENT results provided by the applicant are
not presented here, but they are similar lower by 3-
5 ◦C. This is in agreement with other studies where
COBRA-SFS is presented as a code providing conser-
vative results [40].
The WWER-440 fuel assembly consists of 127 fuel
pins that do not have uniform power peaking. Heat
source term was calculated for the whole assembly
and radial peaking factors were defined based on the
expected radial power profile. The difference when
using uniform radial peaking (homogeneous) in an
assembly and non-uniform peaking (heterogeneous)
with a peaking factor 1.2 is shown in Figure 8. Higher
peaking factor results in slightly higher temperatures,
but the effect are almost negligible. Therefore, other
Figure 8. Radial temperature distributions for ho-
mogeneous and heterogeneous radial peaking factors
in the SC CASTOR 440/84 with the reference pat-
tern.
calculations were performed with a homogeneous pat-
tern of power (peaking equals to 1.0).
As mentioned above, the resulting PCTs are very
similar to the applicant’s results. Moreover, six ther-
mocouples were installed on the outer surface of the
SC CASTOR 440/84 No. 10, and the actual tem-
peratures on the outer surface of this cask were mea-
sured. The thermocouples were on the shielding lid
and on the outer surface in various axial positions.
The data obtained were compared with the COBRA-
SFS simulation and applicant’s calculations to val-
idate COBRA-SFS model. The comparison of the
measurements and calculations is summarized in Ta-
ble 2.
Based on the comparison of the applicant’s cal-
culations and to the data experimentally measured,
both thermal models of SCs were validated and ver-
ified. This, in conjunction with the other validation
data available, suggests that COBRA-SFS predicts
the physics appropriately for calculating surface tem-
perature and PCT and can be used for calculation of
other problems and in other applications as approved
by the SUJB staff.
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Figure 9. Radial (left) and axial (right) temperature distribution in SC CASTOR 440/84 for two reference cases
and for the real SC No.10. In the case of filling the older CASTOR 440/84 with the licensed reference filling of the
modified type CASTOR 440/84M, the PCT will reach almost 300 ◦C which is more than 30 ◦C difference in the
PCT in comparison with the CASTOR 440/84M.
Figure 10. Axial PCT distributions for the hottest
rod No.66 in fuel assembly No. 3 at different times of
SNF dry storage in SC CASTOR 440/84M.
5.2. Quasi-steady State Calculations
COBRA-SFS can perform transient calculations but
only for short transients such as drying of a SC and
accidental conditions. The thermal models that were
developed perform only steady-state calculations and
they are not suitable for long-term transient calcu-
lations. However, there is a possibility of calculat-
ing the boundary conditions for different time frames
and using them for the steady-state model. This ap-
proach was chosen for the calculation of the PCT
evolution during 100 years of dry storage. Other
time-dependent effects such as degradation, geome-
try changes, etc. were neglected.
As the source term is decreasing, the PCT is de-
creasing as well. Both types of SCs hold a valid li-
cense for 60 years of dry storage, but there were some
suggestions by the applicant that the license period
shall be lengthened in the future. The results of the
PCT evolution are summarized in Figure 10. The
temperature profile is similar to the original heat gen-
eration profile, but it is influenced by the natural cir-
culation of helium that is coolest on the bottom of
the SC and is reheated as it is moving upwards.
5.3. Disposal configuration
The Czech Government approved a plan for opening
a final disposal site for the SNF in 2065. Research
and development of the project have been running for
several years and brought several new ideas, including
the using of the dual-purpose storage cask CASTOR
for disposal purposes. This approach would signifi-
cantly reduce the cost and number of manipulations
of the SNF.
However, SCs CASTOR were designed, fabricated,
and licensed as storage and transportation casks, and
there are some doubts about using them for disposal
purposes. One of the concerns is a removal of resid-
ual heat. For that purpose, several modifications were
made to the original COBRA-SFS models of SC CAS-
TOR to accommodate the conditions inside the dis-
posal facility. The design of the disposal facility orig-
inates from Sweden [41] with horizontal placement of
the storage/disposal cask CASTOR. New materials
with their fundamental physical properties were im-
plemented. The granite is assumed as a homogeneous
material with no faults. Temperature boundary con-
dition was defined on the outer surface of the granite
10 meters from SC’s surface. The model of disposal
configuration inside the disposal facility is illustrated
in Figure 11.
The goal was to calculate the limiting cooling time
necessary for sufficient cooling of the SNF. In the
disposal configuration, there is a fundamental limit
of 100 ◦C for the bentonite/SC interface. Bentonite
is a special material surrounding the disposal cask
that has optimal isolation and confining properties
for the disposal of the SNF. However, the material
must remain wet to keep the optimal characteristics
and, therefore, limits the temperature on the inter-
face: Disposal cask/Bentonite to 100 ◦C.
The method of semitransient calculation described
in Section 5.2 was used to evaluate the maximal
residual heat generation in the disposal configuration,
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Figure 11. Model of disposal configuration based on
the Swedish disposal concept with SC CASTOR hor-
izontally disposed. SC is confined by bentonite 0.3 m
thick in horizontal position and sealed with concrete.
It is fully surrounded by granite.
which might be permitted by the SUJB in the future.
The Figure 12 shows the relation between the peak
temperature on the interface bentonite/SC CASTOR
and the corresponding residual power of the SNF. The
limiting value of the residual heat is 23 Watts per fuel
assembly as shown in the graph to keep the temper-
ature under the limit. However, it should be pointed
out that the model is based on the storage configu-
ration of the SC and only the boundary conditions
were changed based on the disposal design.
6. Summary and Conclusions
Two types of dry storage casks have been used at the
Dukovany storage facility. Every design of storage,
transportation, or disposal cask must be licensed in
the Czech Republic by the SUJB based on the appli-
cation from the responsible utility. CFD codes have
been recently widely used by applicants, but there are
several disadvantages connected to the usage of such
codes. For that reason, the SUJB decided to perform
the independent heat removal system evaluation of
SCs CASTOR using the COBRA-SFS code.
Two heat removal models: CASTOR 440/84 and
CASTOR 440/84M were created and validated us-
ing experimental data and independent code-to-code
validation. The presented calculations suggest that
COBRA-SFS is able to accurately predict the PCT
temperature which is the limiting factor for dry stor-
age. It also confirms that the code accurately predicts
cases with hexagonal geometry such as WWER fuel
assemblies. The models were used to reassess the safe
removal of residual heat for reference SNF patterns
and the evolution of PCT during 100 years storage.
In the worst case scenario, the PCT is not higher than
256.8 ◦C for CASTOR 440/84 and 298 ◦C for CAS-
TOR 440/84M, which is well below the limiting value
defined by the SUJB and international guides. Addi-
Figure 12. Linear relation between the residual heat
generated by the SNF and peak SC/bentonite inter-
face temperature in the disposal configuration. The
limiting temperature corresponds to the 23 Watts per
one WWER-440 SNF assembly in homogeneous con-
figuration of the SC CASTOR 440/84M.
tionally, these conservative limits are well above the
real best-estimate PCTs. The calculation of the real
pattern from the SC number 10 shows PCT below
210 ◦C.
One of the possible solutions for final disposal is to
use SCs CASTOR also as a disposal cask in the Czech
Republic. The Swedish concept of disposal configu-
ration was adopted, and the original disposal cask
was replaced by the SC CASTOR. The calculation
using COBRA-SFS models proved that this disposal
configuration will be safe if the residual heat of one
WWER-440 fuel assembly will be limited to 23 Watts.
This value corresponds to 140 years of dry storage be-
fore placing SCs with SNF to the disposal facility.
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